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:o Advisory - 



Applicants respectfully request entry of the amendm 
irks from Applicant's October 8, 2008 Reply with this 
for continued 



Claims 2, 5, 5.. 8, 9, 11, 12.. 14-38 and 53-65 ai 
in this application. Claims 21, 22, 25 and 28-34 were withdrawn 
from consideration. Claims I , 3-4, 7, 10, 13 and 39-52 were 



THE REJECTIONS 
Claire rejection under 35 U.S.C. §..lff3Ja}_ 

Oi^Al^A„Aiki£L jit Hl 26, 27, 35-38, S3, 56 

57 



In the November 14, 2008 Advisory Action, the 
maintained the rejection of claims 2, 5, 6, 8, 9, 11, 12, 14, 23, 
24, 26, 27, 3 5-3 8, 53, 56 and 57 under 35 U.S.C. § 103(a) as being 
obvious over the teachings of Kelly in view of Kube r as ampa th and 
Lexer . The Examiner states that Kelly teaches that materials 
designed to inhibit neutrophil -endothelial interactions and prevent 
the accumulation of neutrophils in the Kidney are useful for the 
treatment of acute renal failure ( ARF ) in humans. The Examiner 
contends that, it would have been obvious to one of ordinary skill 
in the art to use GP-l, a material, designed, to inhibit neutrophil - 
endothelial interactions, as taught, by Kiiherasa^path ana Lefer, to 
prevent the accumulation of neutrophils in the kidney. The 
Examiner states that although Kelly exemplifies these teachings by 
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blocking JCAM-mediated neutrophil adhesion, it does not diminish 
the generality of its teachings regarding the nature of materials 
that will be useful to block neutrophil adhesion. The Examiner 
states that although a large number of adhesion molecules may be 
sequentially activated during the nrulti-step process of 
transendothelial neutrophil migration, Kelly demonstrates that 
blocking a single molecule is sufficient. The Examiner further 
contends that in view of Kelly's teachings and Kuberasampath ' s and 
Le fer ' s teachings the OP-X is effective in blocking neutrophil - 
endothelial interactions,, one of ordinary skill in the art would 
have a reasonable expectation that OP- I would block neutrophil 
accumulation in the kidney. Finally, the Examiner asserts that one 
of ordinary skill in the art would be motivated to combine the 
teachings of Kelly with Kufce rasampath and Lefer in order to treat 
ARF because Kelly teaches that blocking neutrophil -endothelial ceil 
interactions leads to an improvement in standard markers of renal 
function during ARF and Kuberasampath and Lefer teach that OP-l is 
effective in blocking neutrophil -endothelial interactions. 
Appl .1 cant s traverse . 

Applicants respectfully maintain that the skilled worker 
would have no motivation to combine the teachings of Kelly with 
those of K uberasampath and Lefer for the following reasons. First, 
Kelly indicates that inhibiting ICAM--I may protect against renal 
ischemic injury, but ic is not clear that ICAM-1 was acting 
entirely via potentiation of neutrophil -endothelial interactions. 
Kelly states that the depletion of neutrophils also protected 
against renal ischemic injury but that this is only indirect 
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evidence that the role of ICAM-1 in renal injury is linked to 
neutrophil -endot he I .ial interactions . 

Applicants point out that a proper determination of prima, 
facie obviousness requires that, the Examiner consider all teachings 
in the analogous prior art and what the combined teachings would 
have suggested to the skilled artisan. The MPE? states that 

[wj here the teachings of two or more prior art 
references conflict, the examiner must weigh 
the power of each reference to suggest 
solutions to one of ordinary skill in the art, 
considering the degree to which one reference 
might accurately discredit another. See MPEP § 
214 3.01 ill) citing In re Young, 327 F,2d 588, 
18 USPQ2d 108 9 (Fed. Cir. 1991) . 

As evidence of the state of the art at the priority date 
of. the application, applicants submit herewith Sligh et al . , 
"inflammatory and immune responses are impaired in mice deficient 
in intercellular adhesion molecule 1," PNAS, 905:8529-8533, {1333} 
{"Sligh"? , a copy of which is attached herein as Appendix A. Sligh 
demonstrated that ICAM-1 deficiency results in inhibition of mixed 
lymphocyte reaction (MLR) (see Figure 5) . Sligh discloses that MLR 
inhibition is consistent with an important costinvaiatcry role for 
ICAM-1 beyond its role, in migration, suggesting ICAM-1 has other 
activities that may be responsible for the renal injury protection 
observed in Kelly. 

As further evidence of the uncertainty of the 
relationship of ICAM-1 to neutrophil-endothelial interactions, 
applicants submit herewith issekutz et al., "Role of ICAM-1 and 
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I CAM -2 and alternate CP 11 /GDI 8 ligands in neutrophil 
trans endothelial migration, " Journal of Leukocyte Biology, 65:117- 
126,. (1999} ("IssekTjtn") , a copy of which is attached herein as 
Appendix 3. Issekutz demonstrated that ICAM-1 inhibition alone was 
not sufficient to inhibit neutrophil transendotheiiai migration 
{ TEM } . Issekuta discloses that different mechanisms of TBM 
function in concert and that I CAM- 1 has a redundant role in 
neutrophil -enaochelial interactions, suggesting some other activity 
may be responsible for the renal injury protection observed in 
Kelly. Issekutz also states that, strategies for regulating 
leukocyte migration in vivo, designed to block the ligands on 
vascular endothelium for CD11/CD1S integrins, will likely be very 
difficult to develop due to multiple and redundant interactions. 
Therefore, one of ordinary skill in the art would not conclude that 
any inhibition of neutrophil --endothelial interactions would 
necessarily confer protection against ARF. 

Second, the disclosures of Kubcrasampath and hefer fail to 
remedy the deficiencies of Kelly, Kuberasamp ath and Lefer disclose 
that OP-1 inhibits neutrophil adherence to the endothelium. 
However, there is no teaching or suggesting that such inhibition 
would result in treatment of ARF. Given the difficulties and 
uncertainties in designing blockers of neutrophil -endothelial 
interactions as described in issekutz , one of skill in the arc 
would not have reasonably expected that OF-1 would protect against. 
ARF based simply on its role in neutrophil adherence to the 
endothelium, One of skill in the art would not have reasonably 
expected that the effects of inhibiting an ICAM-l mediated 
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neutrophil-endothelial cell interaction would foe predictive of the 
effects of inhibiting any other adhesion molecules. 

For all the above reasons, the skilled worker would not foe 
motivated to combine the teaching of Kelly , Kuberasarapath and 
Lefer. Accordingly, applicants respectfully request this rejection 
be withdrawn. 

In the November 14, 2003 Advisory Action, the Examiner 
maintained the rejection of claims 2, 15-20,. 53-55 and 58-65 under 
35 U.S.C, 5 103(a) as being obvious over the teaching of Kelly in 
view of Knberasarapath and Lefer and further in view of Anderson") 
and Brady. The Examiner states that Kelly in view of Kuberasampath 
and Lefer teach or suggest the use of an OF/EM? renal therapeutic 
agent to improve a standard marker of renal function in AP.F as 
d i s c u ssed above . App lie ant s t raver s e . 

Applicants respectfully maintain that at least for the 
reasons described above, nothing in Kelly, Kuberasampath and Lefer 
teaches or suggests the use of an OP/BMP renal therapeutic agent to 
improve a standard marker of renal function in ARF, Applicants 
submit that nothing in Anderson and Brady,, either alone or in 
combination with any of the other documents,, remedies this 
deficiency. Anderson discloses impaired cardiac output is a major 
cause of acute deterioration in renal function. Br ady discloses 
that low cardiac output is a major cause of pre -renal acute renal 
failure. However, nothing in Anderson or Brady teaches or suggests 
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a role for an OP/ BMP venal therapeutic agent in regulating I CAM- 1 
and improving a standard marker of renal function in acute renal 
failure. (ARF) . Accordingly, applicants respectfully request that 
Che Examiner wi chdraw this rejection.. 

CONCLUSION 

In view of the fox-egoing remarks, applicants request that 
the Examiner reconsider and withdraw all outstanding rejections and 
allow the pending claims. 

The Examiner is invited to telephone applicants ' 
representatives regarding any matter that may be handled by 
telephone to expedite allowance of the pending claims. 



Re spec t f ul ly submi t ted ,. 

/ Ryan Murphey/ i _ 

Karen Manga sarian (Reg. No. 43,772) 
Attorney for Applicants Under 37 CFR 1.34 
Ryan Murphey (Reg. No. 61,156! 
Agent for Applicants Under 37 CFR 1.34 

ROPES & GRAY LLP (Customer No. 1473) 
1211 Avenue of the Americas 
New York, .New York 10036-8704 
(212) 596-9000 
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James E. Sum, I*.*, Christie M. Ballantyne*, Susan S. Rich*, Hal K. Hawkins!, q. Wayne Smith*. 
Allan Ssas>lsy*'** 5 and Arthur L. Beaudet*^!** 




ssd T-ceU a«ivaticr> in vitro (18, 1*). snAbs to ICAM-1 
resuhed is 50% reduction is contact hypeiseas&vity in afce 

(20). 

No aabiais with aratstioas iss ICAM-1 an; reported. We 
sought to sest the role of ICAM-1 in tataet sainKUs by 

MATERIALS AM? METHG0S 
pBlwacript U KS(-) (I 
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5 so exon 7, the expected I.2-kb prodssct is obtained with 
RNA from wild-type aiiimais bat not firotn mutant animals 
(Fig. 1C). Similar results were obtained with the printer in 
exon 5 and a primer is exon 6 (not shows), confinnissg the 
absence of normal rnKNA sis homozygous mutant animals. A 
sf nss-onented prisser in exes 4 (primer 3) arsd an atstisense 
primer is? the mo coding regies*? (primer 7.) were used to detect 
a sranscript that might arise if esost 4 were spliced to she 
mutated exots 5, and the O.S-kb product predicted for such a 
transcript was defected with RNA frosn tnutant btit not from 
wild-type animals (Fig, JC). It is possible thai a Jreacated 
form of ICAM-1 could be produced ending with aberrant 
sequence at the /f/ndlil she in exon 5, but st3ch a product 
would not have a transtnerabratse domain. 

Histopathologic examination performed on three anafe and 
three female mice ranging in age from 8 weeks to 8 swaths did 
not reveal any abnormalities in tissue architecture. Thymus, 
spleen, liver, brain, eye, heart, skeletal muscle, bone, testis, 
ovary, skits, pancreas, stomach, small and large intestine, 
mesenteric arid superior cervical iyn-ph node, submandibular 
giand. adrenal gland, kidney, seminal vesicle, alerts, and 
Jang were examined. Immsjnoff itoresterit staining of Issng was 
perforated by using the 3 £2 antibody direct©! agamst 
K:AM-1, ICAM-1 is known to be expressed abundantly on 
aiveoiar capillary endothelial!! and on she luminal st3rface of 
type .1 alveolar epithelial cells in the mossse (C. Boerschnk, 
personal communication). Sections of lung taken iron- ani- 
mals S hr after i.p. injection of h'popelysaccharide demon- 
strated abundant expression of ICAM-1 in cells sarroonding 
airspaces in wilts-type animals, btit tso irnmunost&istirtg was 
visible with homozygous mutant animals (Fig. 2). 

As a quantitative assessment of ICAM-1 expression, flow 
cytometric analysis of 8 lymphocytes was performed by 
using double-color analysis of ceils stained with the 3E2 mAb 
directed against murine ICAM-1 and an«-B220 directed 
against tise B-cell forts? of CD45R (Fig. 3). Flow cytometric 
analysis showed substantial expression of ICAM-1 on acti- 
vated 8 lymphocytes from wild-type animals (mean fluores- 
cence 4.2), btit there was no significant expression of 1C AM- 1 
on B lymphocytes from homozygous mutant animals (mean 
fluorescence 0.22 compared with 8.34 for the isotype- 
matcbed control antibody). The RT-PCE data, the inimuno- 
histoebensstry, and she Sow cytometry are ail consistent 
with tne complete loss, of surface expression of ICAM-1. 

Mai&tst AE&asSs Show Grsnaiocytasis hui Normal Lyispho- 
cyte PopisiatfesES. Altssossgh snisaais appeared phenotypkaiiy 
norma!, subtle abnormalities coold be identified tn the resting 
state. Since ICAM-1 is strongly itnpiicated in neutrophil 
emigration, peripheral biood neutrophil counts were per- 



Fk;. a- Iisssunoiii^toSiiof escest staining of Jung from wild-type 
;>isd hosiosygoEss sisutant mice. Wiid-type {A) ai^tt raiitani (S) animHis 
wett: sacrificed (s br after i.p. ityec>joaaf 58figof!<90po!yiacchaHde, 
Ltjiigs were stair,ed with fee 3E2 Jiscnoclosiai antibody ts srsijuse 
ICAM-i. Only weak a«wfiueresce»ce is see?? in sr.iitasu tissue. 
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Ftsjorsscsnca insansity (SCAi^-t ) 

Fid. Expressiots of ICAM-t oa 8 iysiiplsocytss ftons wild-type 
(Iff! > snd mutant {Right) mice. Ceils were isolated Sots spices and 
sfinitiiated in culture for IS itx with J00 fig of josoBiycai per aii ssfj 
i i?g of phorbcj i2-niyTis!a"e 13-acetate per mi. Cells were stained 
with phvcsjerythrin-iabeied anti-B220 t^A3-6S2) directed agaiast ths 
B-eeli for,?? of CU45S said FITC-iab«le(S anti-SCAM-l (3E2). 

formed. The neatrophil coant ± SD was 1.0 ± 0.5 x 13 J per 
}.d for wild-type atssasais {# - 12! and was increased to 4.1 r 
1,6 x 10* per pi for hoasozygous mutant animals in - 14} at 
2-4 months of age {F=5x 10" *>. As ats additiorsal evainauosi 
of the ceOtsiar phenotype of the mutants, analyses of cell 
populations in spleen aad ihyasus were performed by flow 
cytometry. No differences were found for wiid-type and 
mutant iiB-imals for populations of CD Lla + , ICAM-2*, CD3 + . 
VD4$%.+ (B22&), CD4 + , ats-i CD8* cells in the spleen. Siei- 
Sariy no differences were found for thymic T-ceO sttbsets of 
CD4* CDS'" . CEW" CD8 ! , or CD4* CDS'* cells. 

N'estrepbil MIgrsSlos Is Issspsired is Mst&sS Mice, To 
assess the role of EC AM-! in transefsdoihsliai tsugt^tion, a 
peritonitis stssdy was ttutiated. The total number of neutro- 
phils in the peritoneal cavity and the percentage of neutro- 
phils illative to all leukocytes in the exudate were reduced in 
■nutarsi animals, whereas the neutrophil count in ihe blood 3 
lir after thiogiycollate injection was even more elsvaied ihan 
in the resting state «Fig. 4). .Analysis of psriiosjitis at 8 hr 
revealed 76% neutrophils in -t-/-i- anisnals in ~ 4} and 43% 
Eiewtrophiis in •-/-- iaitmais {n - 6), indicating ths aitei-atsoi? 
is not simply a delay In emigration. 

Covtact HyperseasSfivSty Is Kedeeed is Mataat Mice. SLice 
ICAM-1 is thought to be important is lymphocyte isnterac- 



Psritonssl Fltssd 



Slood 




Fig. 4. Altered response to cheaiical fwritonitis in mutant nsice. 
Wiid-type <+/+? or iiosBczygous tniitanS {-/-> aiice were injected 
i.p. wiUs I ml of fluid ihsoglyeoSate snsdimn si?d saenficed alter 3 hr. 
The siieaf! ± SD are showss as bars and tress ieS to. s%fit are as 
follows; 73.8 * 8.4 for +/-f and 52.6 t. fot ■/- for the 
percentage of se&ttoptsiif in perstoaeai fiairf {? — 0,001}. 8.? i a 
W l for + / -i- and 3 . S* ± 2 . 5 x 10 s tor - / -- for Else total neutrophils ia 
peritonea! Said {P ■■» 0.09!, aad i.SS i: ■ .1 x i(P per ^ for +/+ asssi 
7.07 * 3.3 x 103 ^ fw rie^traphil coent W * 0.002}. 

Analysis of peritoneal fliiid trotn four +/+ and tour -/ - iinimais 
without snstiliaticn of thieglyoojate reveaicd 0.6-3,0 x 10 s ceils per 
aaiisiai with a mean of 4.2% neutrophils for +/ + anijnsis and 1.1:^ 
nestrophils for - /- afa'iuais, 
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tkjRS. we examined she ability of the jECAM-l-defiaent ani- 
mals so generate a contact hypersensitivisy response. Mice 
were challenged at 7-19 weeks of age with appiicatioss of 
DKFB to ose ear 5 days after sensiEizasiors by two applica- 
tions of DNPS to She abdosness. Naive snisnals received the 
chalks^ so the ear bist do not oodergo abdosHsal sensiti- 
zation with DNFB. Maximal ear swelling in ^ test groups 
occurred 24 hr after chaUesge as reported {?3) and was 
redtieed by 74% is hosiozygoas mutant -snimafs a? shown in 
Table 1 (F < 0,0801, unpaired T Jess). Histologic study of 
punch biopsies of the ears eosSnrssd the difference in thick - 
ness . assd sections from sensitized wild-type animals revealed 
prominent edema separating normal tissue structures and a 
moderately dense snsiiirate of lymphoid cells and neutrophils 
(not shews). Bosh of these changes were essesstially absent in 
mutant animals. These studies indicate that ICAM-1 plays a 
pro-ssiness.t role srs mediation of contact hypersensitivity and 
dessoastrate a signiSeani iril animator, abnormality in the 
mutant aiumxls. 

!CAM-l-0efkieHi C*8s Are Defective as StSmfEtesrs is She 
MLR. in she MLB, the activating stissutes, is the foreign 
histocosjpatibUity antigen expressed on allogeneic stimulator 
cells, and a proliferative T-ceil response is induced. Previous 
studies demonstrated that antibodies to ICAM-1 inhibit the 
MLR b«t did asst distinguish the role of Its expression or; 
stimulator cells in comparison with the role of induced 
ICAM-1 expression or* responder T cells. Uafraciionated 
spleen cells were isradiated and issed as stimulators while T 
lymphocytes were isolated frosts spleen for isse as responder 
cells. Cells from wiid-sype and homozygous 
were of hybrid (C57BL/8J x 129/Sv) t " 

Allogeneic cells expressing H-2 4 were isc 
frost? BALB/c nslee. The norms! and homozygous mutant T 
lymphocytes responded equally well to allogeneic stimula- 
tion with irradiated BALB/c ce&i and a wide range of 
corjcetttrstiois of responder ceils: for example, mean Incor- 
poration was 79,900 cpxn for wild-type cells and 68.100 cpni 
for ssntant ceils with 5 * 10 s responder cells and 4 x 10* 
BALB/c stimulator cells- However, cells isolated irons the 
spken of homozygous mutant animals demonstrates! a 
marked redaction irs the ability to function as sliaiaiator csiis 
wish a wide sussge of coKceairatioris of BALB/c respos3der 
cells (Fig. 5). llsese dais show that the defect involves the 
function of ICAM-1 psissarily or exclusively ors the sshrsiJiator 
ceEls as opposed to Use resporsder ceils. 

DISCUSSION 
Use Scem-i gerse was disnspted by hosnologoiss iccombasa- 
Eion, assd homozygous mutant mice ;ire viable but show an 
abseisce of surfac« expression of ICAM-1. The phenotype is 
the ?nscs slight be expected to resessble that sees its CDI8 
defictescy ia humans atsd antsr-ais (34, 35), bvti the phenotype 
might be snilder, sisee th iRtegrais are the only proven 
coiiBterreceptors for ICAM-l, although iCAM-2 and 
1CAM-3 are suggested to serve as coiiaterreceptors for 
LFA-1 {36-38}, ar>d Msc-1 is the receptor for the tC3b 
«jnapooent of conspiemeat. The iCAM-I-defjcieat niice dis- 

set hypersensiiiviiy is 





AT* 


x 10*, asm ± SD 


Geactype 




SeE!si£i2cfl 


Wiid type 


8.9 ± 1.5 (b»:S) 16.1 ± 7.5 «n»15i 




3.0 a- ;.3< n - 


14! 5.8 ± 4.1 («*26> 




'AT = <sar thicSraiess 24 hr after elicitassos? - {ear ihickasss before 
DNPB chalksgej. The differetsce between senssfeed matast arvd 
wi!<E-type &T ts sigr.jScaQt: /' < 0.WCI, BRoairevt f test; 74% 
wsslaetit'ss. 



per mi 



Fits. 5. Ssiraulator call capacity of cruiisBt cells 1st MLR. Spleea 
cells were tselated ixssss wild type (+/+) or hosswisygoiis ssstan; 
(•- /-) hybrid (129/Sv x C57BL/6R sssice- sad &oas BALB/c (B) 
sasce and ware irradiated for use as siansilator cells. Sespoades cells 
were from BALS/c irJet. 

play some phenotypic feaisires similar to partial defickacy of 
CDIS in huisan and rriice [29), iscludiag a irdld increase is 
seatrophs- coaistaad impaired neutrophil eroigratios. 

in the chemical peritonitis smdks of ICAM-l-deficient 
mice, she reduction irs aesitrophiis srs the peritoneal exudate 
and the accysuulatios of grajiulocytss in the bis>od is trsdic- 
stive of decreased transeBdotheliai snlgratioss of Beatropbils 
is rhe msitarit nrsice. Since the raignition defect s« ihe ssiitant 
Ensce is fsot coEspiete. ^iere is evidence for an 3CAM-I- 
indepessdeai ssechassism for trarssendosheilai migration. The 
resiilts aj-e coBsistes£ with m vitro studies in whjgh csiAb so 
ICAM-1 inhibited trass sendothe Is al Emigration by only 55%, 
while ffiAb to CD18 inhibited by 90% Q9). 

The ICAM-I-deScietst arsiEsiaSs exhibited a 14% suppres- 
sion of contstct hypersensitivity. Based ors the MLR results 
with 1CAM.-1 -deficient ceils, it seems probable that the defect 
in contact hypersensitivity wiii involve the aSerest or sen- 
sitization pha&e of the response. The eoniacs hypersensitivity 
data are compalible vviib the hypothesis that ICAM-1 is a 
critical accessory ffioiectile for T-cei! funcsloR. It is also 
ps>ssible that the defect in the contact hypereefssitivity re- 
spsmse may be caased by abssorsnalitiss of nsigratioo involv- 
ing she antigen-preseatkig ceil or tlse T cell. 

The data from the MLR sisggsst that the deficiency of 
ICAM-1 ors the stipulator cells and not the responder cells is 
responsible for sbe dirssitished resposse. The critical step for 
T-ceU actsvasion is the recognition of aadgen peptides in 
association with MHC nioiecuies by the T-ceil receptor 
(TCS-CD3), However, cell adhesion molecules are thought 
to play srs important role m providing cosEimnSaiory sigaals 
between iyojphocytes or in esihasicissg lymphocyte irstessc- 
tisias (40). Although the issteractioa of CD2 asd CD58 
CLFA-3) is thought to be ats issports^t costitnxslatssry event for 
generation of ass isamaae response, trssce with s disrupted 
CD2 gene demonstrated sionrsal imnssine responses {41). ii 
was suggested that the ICAM-l/LFA-1 or other irsteritctioss 
might provide a redssndast adhesive fssnctioss in siss CD2- 
d?£kssist sssssce The severe defect mp to 100%) sn she ability 
of ICAil- J-deScieat T cells to function ss sSimsilator cells its 
she tMLR is consistent with as isrspostass costiiaalatory role 
for ICAM-1. The expression of ICAM-1 in assigen presen- 
tation can be a decisive factor in detennking whether a T-ceil 
respossse will occur. This interpretation is supported by 
tr&asfectios studies expressing ICAM-1 and HLA-DK is L 
ceils (42). L cells expressing HLA-DR alone failed to activate 
T cells, while ceils expressing HLA-DR and ICAM-1 were 
effective, Tiaissfection with ICAM-1 was also effective m 
cosrectiEjg the defect in asutagessked clones of antigen pre- 
senting cells (43), 
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The ICAM-l-defsclssit mice asid other mks wish gesse- 
targsted nsistaiiiHss in ceO adhssios rEiOieculss shcaid be 
valuable resources for the study of ajftoiBatcsy responses in 
vivo. Users is eosssiderafele interest irs the hypothesis that 
decreased expression or fisttciioE of cell adhesion snoiecules 
alight resuit m reduced susceptibility to coEsmors, m-dtifae- 
tori&I diseases tha; have ssSasnm&ticis as a component is- 
chi&ing artfariSis, diabetes mdlitsss, inSsnsniaiary bowel dis- 
ease, asthssa, athsrosderosis, sad various other autoisaEsusse 
and ifsSasnmatorv diseases. Monoclonal antibodies that block 
function of IC AM- 1 have bees shows to redfece iijS&ssm&tory 
or ksmune resposses is a variety of disease models (44-47), 
but these aatibedses m&y bdace biologic^ responses apart 
frosn their rose m blocking adhesiori. The mutant -sice offer 
&r important aitero&ttvs strategy to assess the role of 
ICAM-1, asd the asice are sore Rouble for study of chronic 
isSasiBtatory disease processes. 

We thank Son Asdersoss and Sobers Stotisleia for heipM discis- 
sions; Eric Ssssdberg, P&d Stsifi, assd Hoo-Msa Lee for help and 
advice wish iaisais-ssJogicai studies; Weady Schcber and Betsy ?riesi 
for technical assisiBiuce; as& Grace Watson for preparation of tfce 
ca&ssiscrfpi. These isvastsgaiicos were supported by grass's frons )Jse 
Na&>aaS Issiitsi'-es of Health (AI 32177 io A.L.B. , HL 02537 to 
C.M.B., AI 32699 to S.SJt., asd BL 42559 io C.W.S.). 
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Appendix B 



Role of ICAM-1 and ICAM-2 and alternate GD1 1 /GDI 8 ligands 
ir neutrophil transendotheHai migration 
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consticutiveiy expressed on endothelial cells, including human 
, i - . ..a' v«>) c: -ionoi.i , i»V\ ; .0<\\t-i < > HU\ L« 
been reported to contribute to PMN transendothehal mtgrauon 
f8, 9J. but the role of ICAM-2 in this process and its importance 
in comparison to iCAM-l has not been determined, further- 
more, although Mac-i can bind to ICAM-l. it can also 
recognize numerous osher Hgartcis, including plasma proteins, 
e.g.. Factor X, C3bi, fibrinogen, fibrortHcnti, and other Arg-Gly- 
Asp (RGD; sE.-'-^-'r.c « psotr-ins, other exttuctitukvr ni»trix 
proteins {collagen. iammin}, heparin like glycosaminoglycans. 
carlwhvtir&ie sttuc'-urcs related to p-gkictu;, and i-ewd micro- 
bial products [G. Zl~?.<)\. These Mac-i iigsnd ii.ier&c tioi:S itavt: 
been observed primarily with adhesion studies with PMN or 
with purified proteins. The importance of the Mac- 1/lCAM-i 
interaction and of interactions with these other iigasids in 
.mediating PMN transendothelial migration has tsot been de- 
fined. This study was aimed to address these questions and 
reports that ICAM-2 is a major contributor with ICAM-l to 
LFA-1 -mediated PMN transendothelial migration. Further- 
more, Mac-i -mediated transeridothelial .migration induced by 
chemotactic factors is ICAM-l Independent and only partly 
ICAM-l dependent when endothelium is activated vrttb IL-1. 



FMNM. in RPMi-1640. 0.5% USA. 10 nM HEFSS. j>H 7 4 This method 
yielded PMNs of St95% fwrfey wife essentially no fed cefi cwrtamiraakm and 
*8S% cell viability 



Endothelial celi cultures 

tJUVBC feotewd-aocl catena in tSasta as described by Ja»fe «t al [37] 
and grown us. Mti s t s t ^i i v.rtK v > is' 3 >f| i. il! > < u.1 i*L 

cciiagenase [Conner Binrr^is^ Ontario. Canada} to 0.0! MPBS 

<> *i u> A ual c . aS lyln < tg i 1 i/ 

endothelial call growth supplcifntiiit (CciiabGFStlve ReKMrcti, Lexington. MA;, 
and heparin H5 jtgrtss.l: SifsmsS, This is referred tu as growth tuediisa. Cell* 
were cukured in getwto-eoattd culture flaiks 'NUNC, GJ3CO). The HUVEC 
were detached using 0,825% trypsin, 051% E0TA (Sig.ua) and cultured <ss> 

^iihi i. Mill Us s-rLlJ* liVntlitw 
wsr& firsi prepared by coating Wtth 0.01% gelatin (37'C, 18 it} followed fay 

wsffir at 37*C fei2 b. Fi&roneetJtrwss then replaced by HUVEC (1.5 X^IO* 
cells), fiats the flr* w mscwhS passage, added above th» Alter In 04 ml of 

hairier in 5-6 days aad w« evaluated for cwtftuwiee before m by 
^-labeled HSA diffusion as previously described |3S]. 



MATERIALS AND METHODS 

Monoclonal antibodies 

The mAbs u*ed irscittded ntAb 60.3 (IgCSa: a gift from Bristol-Myers Squibb. 
Ssastje. WA) 529, 30], mAb IPMiSc {IgCl: anti-CDUb, a gift /ram K. Puller* 
u.in-J. UP) !Ji< and s>M< ^1. s*' P'iAIi'lt ■ <■ Lir-\-V 13.^ 

ii.! \ h i\l> ysrt \t S! m c o « ita'ie 
Aj«»erlcan Tisswc Cutiure Cdij-siinti (Swfiesda. MDJ. Ths mAbs reaawe w»li 

Mac-i [331 mAb CBK-.iC2/2 llgCl as F(abfc} recognizSng ICAM-2 flS] and 
mA» BBij 0gG2b. gift, from Dr. «. iabb, Biogea. Csmteidge. MAS against 
E-seteeUrt [34] arere also ■tai^iSsrvtsi. 



Reagents 

{Unmbtnam hdittaoiHa. bad a specific aciivity of 4 X 10' v«s 
D H l u iTim vs.U } V i W it r r-mrf.mp 

if <■« ulu.'x'ltlt \ hMBiUJ'IOltUfl iU il 

bvmw scrum alhamir. (ifSA; Connss^sr Labi. Don Miiis,. OM} in pbospbaSe- 

F s u.< .t < ~h- t ^ u rotr w 

Chemical Co. (St. L«Ml*. MO): Fatter X. f>-Riuean, fibf bwge;! and itt ^-peptide, 
JS»«*eti«. Type II bovine nasal ceBagett and Typ? IV bommt plsctntal 
ctsUiteen, mouse Sismiiiiii. and hspsrinsw I and IS. GSGDSP pqxjdc «ss 



Human PMN purification 

Hmm> Vm* wars purified ss .fcscrftwi prwicusly f35, 3SJ from ACD-tepsrin- 
a;uieoa«!iai<i£) wnoas blaad of fecaSthy dosiore. Sriefty. red ceiis 
secJifnetitixl widi S% dcxttatv-saSne (Abbott Labs, Monweal, Carada). U-ukatrvte- 

(Amcrshaot. Oa**ite, Ontario. Canada), PMN» were disti purifitd by dis^n- 



PMN transendotheilai migration 

Mi^oa assays were pe*>rased as d«se«bed ptevtausly ESS, 36], Briefly, 
HUVEC tnnnotayers. on tfw fihets and the Sowef comfjartm«TOS were wadied, 
with Rm\ im and ttmy '*e*8 vransteired to a iww, dean well Omm 
«sm{»run«Mi. To this well. 0.6 nd. of 8PM1-1S40, SO .«M HEPES, 0.5% HSA 

t i \ 1 m ^ 1- i V 

i i t t 0 j ' i r t PV i i ll st i h i is 

v dt\ Hd» tC*»s 1 00 J.I alU's M "f 1 ^ OP w 

jck! t F tul 'L. vKs vvJ^ K Hf'vtt d mi t< 
through She iiUV£C-fitef unit.. Ail the Mutators cmdHwos were performed 



Anti body trea tmen Is 

migration in tite presence of ths antibod'y. H&m ofihe mAb ttesttneats caused 

1 <; u >-a liuuu f s a sh«pi cii t K ! 1 t e c «t 
added to thu PMN suspension just before adding dreai £a ths HUVEC. tn some 
«*t*rtme«ta, tte HUVEC were t.eated &r « mm * 3?"C «i* satttrating 
wsifcniradobs af mAbs as tjeterrained by ercgwie-Unked inunineabsmbem 
assay foiiewad by dis addition 'cf She s, CHa«etet! ?M.\ ! s-. ■,'Jhesa mAiw WM* 

was treated v<it}i ttepariiiase :!J. i! U/mU or I 0 U'iiiLJ as reported previauiky 
[ZS| for 40 min befere peffbrraing the irtigfattati assay. 

Statistical analysis 

Data vvete -mdywd by anidyiis of variaiwe foiiBasd by ibe Tatey tes! of 
tr.i .itipie compartseas. i" values «xccscda)g 0.05 were Hot considered signtScant. 



i 5.8 jonssial of Letskotvtf.- BioJogy Volutw t^. ftitniasy 



i«tp;//vyww,jtetik'tiio,wrg 



Effect of iCAM-1 and iCAM-2 blockade 
on chemotactic factor-induced PMN 
transendctheliai migration 

The contribution of the CD11/CD18 integrins, LFA-i and 
Mac- 1 on PMN and of ICAM-1 and ICAM-2 on endothelium to 
PMN transendtttheiial migration induced by the -potent chemo- 
tat_i:c factor. CSa, vas Ir.vw.-iigated as shown in Figure 1. C:>a 
at an optimal cheraotaetit ctwtcentration of 2 X 10 s M, 
predetermined in previous studies [381. induced 57% of PMN 
ir; iransfs:i B rate across the HUVKC and fiher iwth rs. Blocking 
LFA-i adhesion function with the mAb TSl/22 significantly but 
only partially inhibited this response, Similarly, blocking 
Mac-1 vnih uiAb LPM1SC inhibited transmigration u> a cotnpa- 

eliminated any PMN transendotheiial migration in response to 
CSa, as also reported previously using this or similar inmsendo- 
tholial migration systems [9, 10, 36j. To investigate the rule of 
ICAM-i and ICAM-2 on HUVEC in PMN transmigration, the 
adhesion function blocking mAbs R6. 5 and CBR-IC2/2, respec- 
tively, were employed in their F{ab); forms. As shown in Figure 
1 . an'ti-IC AM- 1 or anti-ICAM-2 treatment of the HUVEC had a 

u"u So -\W %, 1K rot Ah ,»i<ii uK'ik ^ f i \\> <. 
E-ouiectm to tht: affli-ICAM-i and -2 mAl» bad no effect on 
migration (not shown). However, combination of anti-ICAM-1 
■and anti-ICAM-2 mAbs had a significant inhibitory effect, but 
still only decreased the migration from 6? to 48% of PMN 
l«v ;< Jm ttf > 1W \ t I ^ tiA 1 j : t 



PMNs wia» anti-Mac- 1 mAb abolished PMN iransendothelial 
migration when ICAM-i and -2 on Ute HUVEC were blocked. 
These findings indicatr- that rbe ICAM-1 + ICAM-2 blocking 
mAbs effectively blocked the LFA-i pathway and that in the 

f c n t k \* \ I FA > 1 I 

Mac- 1 . 

Figure 2 snows the results with ust- ofthe IL-8 chemolac*ic 
factor to induce PMN transendotnelial miration. IL-8 induced 
optimal PMN transmigration at a concentration of 5 X 10* MS, 
but i - r--\pji\e i' ,i <■ < ii ' i ^ 1 ,'dk i 'I in > *tn C')a, 
inducing about 42% of PMN to transmigrate. Anti-LPA-I 
treatment of the PMN inhibited this response by approximately 
50%. Antibody to Mac-1 inhibited PMN migration to a 
somewhat greater degree, i.e. by approximately 75%, and the 

migration to virtually the unstimulated level, i.e. to about 4%. 
Treatment of the HUVEC with anti-iCAM-1 mAb [RS.5 ffabU 
or anti-ICAM-2 mAb -alone tended to inhibit migration, but this 
was not significant, ii. the iL-8-imiuced transmigration, addi- 
tion of anti-ICAM-l mAb to anU-ICAM-2 mAb had a statisti- 
cally signlltamt additive inhibitory effect, blocking migration 
by more than 50% and to a level comparable with anti-LFA-i 
treatment of the PMN. Furthermore, LFA- i mAb treatment of 

anti-ICAM-1 -f -2 treatment or antf-LFA-1 treatment alone. In 
marked contrast, treating the PMNs with antibody to Mac-1 
completely blocked their migration when It AM- i and ICAM-2 
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that different mechanisms for transendolheliai migration f:unc- 
ttan in conceit and these involve an LFA-1 -mediated pathway 
on the PMN engaging an ICAM-l/ICAM-2 pathway on the 
endotbeiiuni and a Mae-1 pathway on fee PMN, which may 
utilise Hgartds other than ICAM- 1 and -2. 

Investiqation of fviar>1 ligands contributing to the 
Mac-1 -mediated PMN transendotheiiai migration 

The results in Figures l arid 2, using C5a and IL-3, indicate 
that Mac- 1 on PMN can mediate 50-60% of the transendothe- 
Hal migration. Therefore, we investigated, using C5a as the 
chenaoauractant, the potential, involvement of some of the 
putative ligands for Mac-1. Mac- 1 has been reported to: bind to 
ICAM-2 [17], to donram-3 of ICAM- \ . which is distinct from the 
domata-1 binding region for LFA-1 {6. 19, 20], to RGD 
peptides and similar sequences in .fibrinogen and fibrunectin, 
as well as ether extracellular matrix proteins such as eoilagens, 
iaminin, as well as to glycosatninegSycans related to heparan 
sulfates 122-28!. Also Mac-1 has a lectin binding region that 
recognises oarbohydtaie st- ucturrs such as p-ghican [38; To 
determine which of these interactions alone or in combination 
may be mediating PMN transertdoiheiia! migration via the 
pathway. PMN that were treated with mAb to LFA- 1 were 
< 1 " i i -> n v t uue ^ f t t d 
with anti-ICAM-1 mAb R8,5 f {ab) 2 , or with other antibodies to 
HUVEC arfhesJoti mofcvutet. as -shown tn Figure 3. As 
\ u I a tt J ( 1 t t, F* \ u ill h-, t n btttd its 
their transmigration across the HUVEC in response to L5a. 
TifV,^. >u f v h'j! ! v j* I 1 "h \ F h 
which is known to block the interaction of LPA--I with ICAM-i 
and also the interactiott of Mac-1 with ICAM-1 [13. 25], did not 
significantly inhibit further compared with anti-LFA-1 atone. 
Adding treatment with mAb CBR-ICZ/2 «l the HUVEC, which 
is reported to at least partially inhibit Mac-1 binding to ICAM-2 
[I7j, did not inhibit transmigration. 
Because Mac- 1 recognizes a dli&rent domain on ICAM-i 



front .LFA-1, the possibility existed that the R6.5 mAb may be 
more effective at blocking the LPA-S/ICAM-I interaction -than 
the Mac-l/ICAM-1 interaction at domain 3 of ICAM-i. There- 
fore, two other mAbs to JCAM-1 {clones CBfrXl/13 and 
CBR-ICI/ 1 1), which are .known to recognize epitopes in domain 
3 of ICAM-1 and bioek Mac-1 binding [33] r were also used. 
However, these antibodies alone (not -shown) or tn combination 
with the R6.5 mAb, ted no additional inhibitory effect on the 

Having observed no requirement for ICAM-1 or -2 in the 
-mediated PMN migration, the role of other putative 
ligands was investigated. In these experiments, the addition of 
the RGD peptide GRGDNP to the PMN suspension before and 
during the PMN transmigration assay, at concentrations (0.1-1 
roM) known to inhibit Mac- 1 binding ;o RGD peptides 124, 28. 
33] had rio effect on migration. Fibrinogen is readily bound by 
activated. Mac-1. but the presence of free fibrinogen or the 
fibrinogen gamma peptide, which contains a Mac- 1 recognition 
region ]40], with or without blockade of ICAM-2 in the presence 
ofantHCAM.-!, did not inhibit Mac-1 -mediated transmigration 
either. Similarly, a range of concentrations of two different 
forms of heparin, which are reported to inhibit Mac-l-hepartn 
and glycosaminoglYcan binding 122, 26], did not inhibit 
Mac-l-rnediated PMN transmigration. Inclusion of type 2 and 
tvpe 4 eoilagens {or iaininm, not shown), which are known to be 
Kgands for Mac-! -mediated PMN adhesion [24, 28]. had no 
effect on the PMN migration response. The lectin, binding 
■domain of Mac-1 has been reported to be involved in phagocytic 
recognition of B-glucan on yeast particles and may also be 
involved in intra-membrane molecular associations between 
Mac- 1 and some GPI linked proteins (38, 41-431. To evaluate 
the contribution of this interaction; soluble (3-giucan was 
included in the PMN suspension during the migration. Mow- 
ever. 8-giucan did not inhibit PMN trsnsendothelial migration 
via she Mac-1 pathway. 

Recent studies by Diamond et al. 122] and Coombs at ai, |28| 
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have ihovvr, that heparin and heo^an buifr.te gUcosanoriogty- 
cans may be important ligands for Mac-L Giycosaminoglycans 
•«■<* abundant on yasculat endothelium. Therefore, we inv-isti- 
gated the potential roie of these- structures in Mac- 1 -mediated 

HI treatment of th^HUVEC was employed, using conditions 
reported previously to block Mac-l-glycosamlnoglycan--medi- 
ated adhesion to stromal ceils in vitro [26j, Heparinase III 
treatment of the HUVEC had no deleterious effect on the 
permeability of the monolayer and did not alter baseline or 
C5a-induced PMN transmigration (net shown}. However, when 
the svstetn was designed to quantitate PMN transmigration via 
the Mae-i pathway i.e. by using anti-LFA-i-teated PMN and 
anti-ICAM-l |R6.5 Ftab}^ -tested HUVEC. heparinase- ill 
treatment of the HUVEC had no effect on traristnigration. 
Furthermore, adding fibrinogen 7 peptide alone or in combtna- 

not significantly inhibit transmigration. In two experiments, 
inclusion of Factor X in the blocking treatment of the PMN also 
did not. inhibit PMN transmigration via the Mac-l pathway 
{Figure 4!. in aU of these experiments, the permeability <.v the 

adverse effect on the monolayer Integrity before: and during the 

Finally, we considered that some combination of plasma 
constituents such as fibrinogen. fibronecttn. Factor X. and 
taptegtobtiiin. all of which, are reported to be Uganda for Mac-i 
18, 7, 44, 45). might interact with and regulate Mac-i recogni- 
tion of Uganda on endothelium by binding to Mac- I from the 

factor, since plasma tapidiy inactivated the C5a chemolsctic 



effect on IL-8-induced transendotheliai migration {not shown). 
Furthermore, treating PMNs with antibody to LFA-I and the 
HUUX w ti < tx.-irAM i p«-tiai' ( inhicned he t-a sniifc, << 

there was no further inhibition (no plasma control ^18 ± 
2.5%; with plasma - 14.2 2: 2.5% of PMN transmigrated: n - 
3). In the c a;* of both 11-8 and C5a. the degree of LFA- i versus 

kinetics of migration because terminating the incubations at 
ea<l j t ei< jijuis 5o ,>'tmi >vl°i "wn". :esponse. i.e , at 

Contribution of iCAW-1 and ICAM-2 to PMN 
migration across IL-1 -activated HUVEC 

.Stimulation of HUVEC with IL- i or TNF-a is known to result in 
PMN tfansendotheltji migration. A:, tSvxten m Figure 5, 
activation of HUVEC with IL-la for 4 h increased PMN 
transmigration from a background level of 2.5% up to 28%. To 
investigate the role of ICAM-I and ICAM-2 on HUVEC, the 
HUVEC was pntmuri wish mAb R6.5 or CER-IC2/2. respec- 
tively, as irnfts? previous experiments. Control mAb |anti-HLA- 
class I. VV6.32 F{ab)s) had no effect on migration, as shown in 
Figure 5. Anti-ICAM-1 mAb significantly inhibited PMN 
tsansenffotriehal migration. Although anti-ICAM-2 mAb did not 
have a significant effect, the addition of mAb to ICAM-I had a 
significant additive inhibitory effect, decreasing the PMN 
migration from 28 to 11%. Blocking LFA- 1 on PMNs with mAb 
TS1/22 also inhibited PMN transmigration, but not quite as 
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effectively as blocking ICAM-l and ICAM-2 on 1 



HUVEC. 
rtlh C5a- or 

.IL-S-induced PMM migration (Figs. 1 and 2} across unstimu- 
lated HUVEC, Furthermore, she migration of anti-LPA-i- 
t.-eacd PMN .ictos* 11-1 ^ii^.l.r ed ISJUf wa^ i ihibitfd 

rs-eni ci Ei'c HU V'EC, Migcesiing that i.-r. 11.- i-ac tivated HuVHL, 
the R6.S P{ab) 2 mAb was blocking art LFA-1 -independent 



antibody to Mac-i partially inhibi 
dot! by about 50% and the corns 
anti-Mac- 1 roAbs completely fcthi 
migration, indicating that this was 




% PMN Migrated 



Fig. 5 . Effect of iiniibody to £M- 3 , Mw? 
ngf'raL for 4 h} followed fty washing ami ad 

«** ami-HLA Cl*» I mAb SW6/32 Ff-abS; 
~"P< 0.001. 
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should be Indicated that neither antl-LFA-1 + -anti-ICAM-l 
nor anti-ICAM-i + anti-ICAM-2 treatirserus decreased abso- 
lute PMN migration below 10%. i.e. approximately one-third of 
the response remained. Aydinp, or.u-E- solfctin ;n.Ab to treat the 
.HUVEC along with the anti-ICAM-i and anti-ICAM-2 tended 
to further inhibit PMN transmigration. These results would 
indicate that in the PMN transmigration response across IL-1 
activated endothelium ICAM-1, ICAM-2, and E-seiectln each 
contribute to the total transmigration. At least part of the 
Mac- i -mediated transendothefiaf migration appears to be due 
50 interactions with ICAM-i on she HUVEC under these 
conditions. 



DISCUSSION 

The transendotheiiai migration of PMN is known to be mediated 
by CDU/CD18 integrins and in particular by LFA-1 and 
Mac-I« which function is concert, as shows previously (8-IOj 
and in the PMN migration system used here with C5a- or 
F 5 -d -d-fi » t '-f'.f, '.,'tu! u'UAF, !e i <s 
IL-t-stimulated HUVEC, It is worth noting that the TEM 
response is certainly preceded by PMN adhesion. However, on 
resting HUVEC, even during C5a- m ll-8-induced TEM, the 
adhesion accounts' for oaiy 4-7% of added PMN et any given 
time. The effect of mAb treatments on ibis tow level of adhesion 
was not reliably measurable. In contrast, ihe substantial 
adhesion on IL-'i -activated HUVEC (20-30% of PMN). was 
inhibited by approximately 50% by LFA-1 plus Mae- 1 block- 
ade (not shown) (8, 9|, whereas migration was blocked by 
>9G%. This indicates that although adhesion must be a 
prerequisite for .migration, there is not a quantitative correla- 
tion, probably because migration involves cellular processes in 
addition to static; adhesion. 

The rosoks of this .study d<-mon.^raie thai ICAM-1 and 
ICAM-2 on endothelium both are functionally important ceun- 
terligands for PMN transendotheiia! migration. This appears to 
be the case whether the endothelium Is unstimulated or 
IL-1- -activated because combined ICAM-I plus ICAM-2 block- 
ade had additive inhibitory effect on migration (Figs. 1 , 2, and 

j .> > <t u ! j ,s i ,< ... ej - r t-e :« - ' V, b W. . ^ 

expressed at relatively high levels on resting HUVEC, in fact, 
considerably greater than ICAM-1 (unpublished observations 
and-c-i 18] "owe (<v?itc T L uliiv. nor a td increased 
ICAM-1 expression (5-9], ICAM-2 sriH appears to have a role 
as a ligand on HUVEC (Fig. 5). This role appears to be as a 
ligandfer LEA- 1, since blockade of LFA-1 on PMN -resulted In 
the same degree of inhibition of PMN uansendothclial as 
blocking of ICAM-I and ICAM-2 on the HUVEC. at least in the 
case of unstimulated HUVEC (Figs. 1 and 2). Adding anti-LFA- 
1-treafed PMN to anti-ICAM-i- and anti-ICAM-2-treaied 
HUVEC did not further inhibit migration (Figs. 1 and 2). This ss 
most likely due to blocking of a common pathway or counter- 
receptor on the PMN and on the HUVEC. The results also 
demonstrate that the mAb treatments were effective in function- 
ally blocking all LFA-1 on PM.M or ICAM-1 or ICAM-2 on the 
HUVEC. 

The studies designed so assess the Mac- 1 components of 
transendotheliai migration strongly indicate that, in the case of 



unstimulated endothelium, 1GAM-1 is not an important counter- 
receptor for Mae-l-rnediaied migration, even though the Mac-1 
mechanism accounts for at least 50?* of the total PMN 
r t < ' i£,fO f Ct il 1 r j ' ji ' ;1 "'Mil up^> tJ by the fact 
that rtsAb R6.5 to ICAM-1 had no effect on Mac- 1 -mediated 
PMN migration, although it is known to block Mac- 1 binding to 
ICAM-1 [IS. 25). Furthermore, two other mAbs (CBR-IC1/13 
and ICl/11} recognizing epitopes to the Mac- 1 recognition 
region {33] also did not inhibit Mac- i- mediated transendoth fi- 
lial migration in response to C5a or IL-8 across unstimulated 
HUVEC (Fig. 3). Thus, on resting endothelium, the torm or 
level of constitutively expressed ICAM-1 does not appear to 
participate significantly as a counter-receptor for Maol- 
mediased PMN transendothelial migration hi response to chemo- 
tactic factors. Recently, similar observations wifii regard to 
ICAM- 1- independent but Mac- i -mediated PMN -migration 
across platelet monolayers were: made |46j, confirming that 
Mac-1 utilizes alternate llgands during PMN migration. In 
accordance with this. Diamond et. ai. |4?j also .presented 
evident e thai u'lstimjl.ued endothelium, -^.presses 3 novti 
ilgand for Mac-1 -mediated PMM migration. 

The e.xpenmentaiior: directed at defining the alternate 
Mac-l-llgand interactions on HUVEC responsible for PMN 
»<> >Mjnsi theiu. rn<g ano t ,nr*vi i ts hit p.-ho^ly nunc of the 
well-recognixed Mac-1 isgaitd interactions function &•> primary 
counter-receptors on HUVEC mediating this process. An 
interaction of Mac- 1 with either HUVEC bound or synthesized 
piasttiu j. 'ov in* '.v'i j 5 nt-.iv^'n , onu'u v j her 
RGD-cont&tniog proteins or with oilier plasma constituents 
such as Factor X (see text and Fig. 3} or haptoglobuiin (8, 27, 
40, 44. 45] appears unlikely because none of these components 
at high concentrations in soluble farm altered the Mac-i- 
mediated transendotheiisi migration when LFA-1 and ICAM-1 
and/or -2 were blocked (Fig. 3 and Fig. 4). Evert in the presence 
of up to 40% human heparinized plasma, IL-8-induced .migra- 
tion was' unaffected when LFA-1 and ICAM-I were blocked 
(see text). In addition. ICAM-2 also does not appear to 
-contribute to Mac-1 -mediated migration, since mAb CBR- 
\CV2, which is known to block Mac-l/ICAM-2-mediated 
adhesion of monocytic eel! lines {17], had no effect on 
Mac-l-mediated PMN transmigration (Fig, 3?. It also appears 
that extracellular matrix protein recognized to mediate PMN 
adhesion via a: Mac- 1 -dependent mechanism j23, 24, 281. 
proteins such as ftbronectin, collagen (Fig, 3j. or iaminin (see 
text) are not: the major couiueriigands in Mac-1 -mediated 
transendoiheiiai migration. Recently, Mac-1 has been recog- 
nized as a heparin and glycosainsnoglycan (GAG) binding 
imegrio (22. 26J. Because such structures are prominent on 
endothelium, we investigated their involvement by two ap- 
proaches. First of alf, we added various forms of soluble, heparin 
under conditions shown previously by Diamond et al. to inhibit 
Mac-1 -heparin and heparan sulfate adhesion interactions (221. 
Second, GAGs capable of binding to Mac-1 were tmzynraaeally 
cleaved from HUVEC with the use of heparinase III (or I alone 
and in combination, not shown] employing conditions -shown 
previously to abolish Mac-I/GAG adhesion (26|. Neither of 
these a-eatoients altered PMN transendofheilal migration (Figs. 
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A ieetin-bmding region of Mac-1, known to reeogniae yeast 
p-giucan [38| . has received increasing attention because it not 
only mediates PMN or monocyte activation by phagocytosis of 
yeast particles or yeast cell walls, but also appears to function 
in intramembrane association with and -possibly .signaling for 
GFI linked membrane onxein* including CD 16 and CDS? 
141-43]. This raised the possibility that the carbohydrate 
structures on -HUVEC might be presented and engaged by 
Mac- i on PMN. However, attempts to saturate and compete qui 
such a putative interaction with high concentrations of soluble 
|3-g!uean reported to black the j3-giuean binding function of 
Mac- 1 on PMN (38}, also did not modify PMN ^^endothelial 
migration (Figs, 3 and 4). Finally, because Mac-1 has so many 
putative, ligands. which may be expressed on HUVEC or on 
extracellular matrix (ECMj proteins associated with endethe- 
hom. multiple combinations of blockers and antagonists were 
employed simultaneously such as heparinase III treatment 
combined with mAb to iCAM-1 and -I, fibrinogen 7-peplide. 
■ftbronectm, and pVghscan {Fig. 4} * soluble iarainm and 
collagen {not-shown}. However, even these combinations did not 
modulate Mac- 1 -mediated transendeiheliai migration, suggest- 
ing that Mac-1 probably engages a yet to be identified ligand on 
HUVEC during transendotheiial migration, rather than utiliz- 
ing these known ligands as alternates during PMN migration. 

Our results indicate that IL- 1 activation of HUVEC modifies 
the ligand (s) available for interacting with Mac- 1 for mediating 
transendotheliat miration. Under these conditions, ICAM-1 
does appear to contribute to Mac- 1-dependem PMN transmigra- 
tion, as well as serving as a ligand for LFA-1, since mAb R6.5 
l>«a--ICAM-l) significantly inhibited migration relative to 
.ant.i-.LFA-l mAb treatment alone (Fig. S), The shift in the 
relative role for ICAM-1 under these conditions for Mac- 1 
engagement may be related to the marked increase in expres - 
sion of ICAM-1 known to be induced by II- 1 (5, 8, 8, 9. 20, and. 
unpublished observations!, but alternative gtycosylawon of this 
induced ICAM-i. may also modify Mac- 1 recognition as previ- 
ously proposed [191 A major role for ICAM-1 in PMN 
interaction wish cytokine- activated HUVEC is in accordance 
with previous reports [8, 9|. although in those studies the 
contribution of ICAM-2 to the overall transendotheliat migra- 
tion response was not examined. In general, the findings 
i£iG t -> t j ■> t' d h > > t < f L t^ t 

HUVEC, the alternative and undefined Mac-1 itgandfs) in- 
volved in migration across resting endothelium in response to 
chemotactic factors are relatively less import-ant. The reason for 
this might be She up-rego.lat.iors of ICAM-1 by IL-1. thus 
providing a sufficient foothold and/or down-modulation of the 
putative iigand(s! on endothelium by cytokine activation. 
However, tt is also .possible that a gradient of a chemotactic 
factor such as C5a or IL--8 may activate Mac-1 on PMN to a 
slat-.- recognizing a broader range of hgarjds tftan occurs 0:1 
IL- Inactivated HUVEC. Evidence for varying affinity states for 
different ligands has been observed in the case of VLA-4 f48j, 
another iritegrin capable of recognising multiple ligands [6, 7], 
This is the more likely mechanism because blocking experi- 
ments, conducted as in Figures .5 and 4, of Mac- i -mediated 
PMN migration in response to C5a across iL- ! -activated 



HUVEC yielded ;esu;ts comparable to :itigraiion across unstimo- 
lated HUVEC (Figs. 3 and 4 and not shown). 

The importance of Mac-1 in PMN emigration In vivo has 
recently been questioned, especially since the finding that 
'viae- i -deficient mice have normal PMN accumulation in the 
inflamed, peritoneum (49j. This suggests that LFA-1 plays a 
major rale in this PMN migration. However, mice genetically 
deficient in LFA-1 developed 40-50% of the PMN infiltration 
response in the peritoneum, as compared to wild-type mice 
150), suggesting that other CD11/CD18 integrals may also be 
involved in the LFA-1 knockout mice. Furthermore, in the 
Mac-1 -deficient animals, PMN accumulation in the peritoneum 
was inhibited substantially more by mAb to LFA- 1 {by 78%) 
than in wild-type mice whete the same antibody treatment 
inhibited PMN- -accumulation by only 58%. This may be an 
indication that in Mac-l-deffcient animals LFA-1 plays a 
greater role in mediating a normal PMN infiltration response 
than in normal mice. Other in viva studies, based on mAb 
iVm.i ,r , PM N - n'-i 5; n-e ^liigi't >. t } -.t ,1 - s 
effective alternate in mediating migration into tissues, although 
this role was only apparent when the function of LFA- 1 was 
blocked. This was observed in the mouse peritoneum, in the rat 
in dermal inflammation and arthritis, arid in dermal and 
peritoneal inflammation in the rabbit [13, 15, 18, 51j. In most 
studies, blocking LFA- 1 or Mac-1 alone with mAb had little or 
marginal inhibitory efi'ect, but blocking both of these integrins 
resulted in dramatic and synergistic inhibition of PMN accumu- 
lation in the tissues. It is interesting to note that, in the rabbit, 
qualitative differences were observed in anti-Mac- 1 mAb- 
treated animals, manifest primarily as diminished PMN migra- 
tion into the connective tissue with -persistent PMN association 
with the postcapillary venules jl6]. Resolution in that study was 
not sufficient to assess whether the PMN had migrated through 
the vascular wail or remained trapped in the wall. Thus, overall 
She weight of evidence would suggest that Mac- I. can (unction 
as an effective alternate to the LFA- 1 mechanism during in wo 
PMN emigration and thai this is demonstrable in vitm by PMN 
t ransend othel ial (nigra ti on. 

There are some quantitative, rather than qualitative differ- 
ences between die degree of inhibition in vitro by m-Abs to 
LFA-1 and to Mac- 1 of human PMN transendotheliai and the in 
vim models Of PMN infiltration. These- could be species 
differences or true in m"J in vitm system differences. Our 
results of the degree of inhibition by mAb LPM19C to Mac- S of 
PMN transendotheliai migration in response to chemoiacne 
factors -is somewhat . greater -titan reported by Furie et. al. JlUj. 
Mow-ever, this quantitative difference may bo related to differ- 
ences in endothelial cell culture systems used or, more likely, in 
the anti-Mac -1 mAb used for blocking the multiple functional 
interactions, of Mac-1 with its ligands. Vfc have screened a large 
pans;, of mAhs to human Mac-1 and have observed major 
differences in inhibition of PMN transendotheliai migration, 
ranging from no inhibition to the degree of inhibition reported 
here tvnri mAb LPMS9C. This mAb has been shown io he 
particularly effective in blocking at least four different Mac-1 
ligand adhesive interactions 125], We selected this mAb for 
these reasons and because we have not found it to Induce any 
PMN aggregation or activation as measured by PMN shape 
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change or oxidative burst induction [unpublished observa- 
tions], effects tha; could influence PMN migration. 

in conclusion, this study shows that ICAM-2 and ICAM-i 
bfith contribute to FMN traraendotheiiai migration on both 
resting and cytokine activated endothelium and that these two 
ICAMs function in concert as counterligands primarily for 
LPA-1 in this process. In addition, Mac- 1 can mediate PMN 
traroendothelial migration in vitro by engaging yet to be defined 
counter-receptors on endutiitlUnn or sot teied by !wdoth-?iiurri. 
These are apparently distinct from many of the recognized 
Mac- 1 ligsnds present in plasma, on ECM proteins, GAGs, and 
on. HUVEC (ICAMs). These results may provide a partial 
explanation of why inflammatory responses and leukocyte 
recruitment still can occur in the ICAM- 1 -deficient .transgenic 
mouse- (52. 53). These findings also would prsdict that strate- 
gies for regulating -leukocyte migration in vivo, designed to 
block the 'iTtiid*, un \i,cu ) or* lottji hut Ji CD I i^b 
integrt&s, will likely be very difficult to develop due to the 
multiple and redundant interactions. 
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